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ABSTRACT 


Gastro-intestinal helminths were collected from 60 white-tailed 
deer, Odocotleus virgintanus dacotensts, and 60 mule deer, Odocotleus 
hemtonus hemtonus, from throughout Alberta. In addition, 13 Columbian 
black-tailed deer, Odocotleus hemtonus columbianus, from Vancouver 
Island, British Columbia were examined for parasites. Mule deer had 
16 species of helminths whereas whitetails were infected with 11 species, 
all of which were found in mule deer. Intensities of infection of all 
species of parasites were low. Black-tailed deer were infected with 
TT species of parasites and possessed higher intensity infections 
than those found in deer of Alberta. 

The helminth fauna of white-tailed deer was impoverished when 
compared with that reported from deer of other areas of North America. 
Infections in mule deer of Alberta were similar to those reported from 
the central part of the mule deer range. Explanations for species 
richness, diversity, and geographic distributional patterns based on 


relative host density and ecological interactions are provided. 
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I. INTRODUCTION 


Parasitological questions have been traditionally raised at the 
organism level of organization. Recently, an increasing number of 
investigations have been carried out on parasites at the population 
level (Tallis and Leyton, 1966, 1969; Nasell and Hirsh, 1972; 
Anderson, 1974,:1976a, 1976b). Many host surveys have been conducted 
and species lists compiled, but few attempts have been made to 
describe or determine the mechanisms involved in formation or 
regulation of parasite communities. 

Amba the reasons for this deficit is one of definition. Whereas 
individuals and populations are easily distinguished on morphological 
grounds, communities are more abstract constructs which suffer from 
having been assigned a variety of meanings (Ricklefs, 1973). 

Two criteria should be met so that useful results can be obtained 
from studying communities: 1) the community should be an association 
of interacting populations (although structural similarity was shown 
between "real" vertebrate communities and communities generated from 
a neutral hypothesis model which excluded any interactions [Caswell, 
1976]) and 2) the populations should be within clearly delimited 
boundaries (Ricklefs, 1973). In the present study, the helminth 
parasites inhabiting specified organs or organ systems of one species 
of host will be considered a community. 

Another reason for the paucity of studies of parasite communities 
is the need for a more complete theoretical framework. As the theories 


of community structure of free-living organisms (Cody and Diamond, 1975) 
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are applied to parasitic systems, this framework will be developed. 
Presently however, Dogiel (1964) is one of the few workers who has 
attempted to generalize from the mass of information available. He 
hypothesized that: 
"If a territory is inhabited by two host species whose 
characteristics (size, mode of life, type of feeding, 
etc.) allow them to harbour the same parasite fauna, 
but one of these hosts is a rare, sporadically 
occurring animal, while the other is one of the most 
common species in the locality, and if, in addition 
the ability of the parasites to infest and the 
susceptibility of the two hosts are the same, then 
the rarer animal will clearly have a smaller parasite 
fauna, producing infestations of lower intensity, since 
its parasites will have fewer chances of transmission 
from one host individual to another." 
A corollary of Dogiel's hypothesis is, therefore, that host animals 
living near the extremes of their distributional range will have a 
poorer parasite fauna with lower intensity infections of fewer species. 
Deer of the genus Odocotleus are ideal host candidates for 
testing Dogiel's hypothesis and its implications, particularly in 
Alberta. Both Odocoitleus hemtonus (Rafinesque) and Odocotleus 
virgintanus (Zimmermann) are known to harbour many of the same 
parasites (Walker and Becklund, 1970) and both vary in population 
density throughout their ranges (Taylor, 1956). In Alberta, the 
two species are sympatric over much of the province and the northern 
edge of the white-tailed deer distribution lies within the present 
study area (Banfield, 1974) (Fig. 1). 
Although these deer are economically significant big game species 
in Alberta, information on the composition, distribution and abundance 


of their gastro-intestinal parasites is rudimentary. 


Cowan (1946, 1951) listed the helminths found during examination 
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Figure 1. Distribution of white-tailed deer (COdocoileus 
virgintanus), and mule deer (Odocotleus hemtonus) 


in North America (from Banfield, 1974). 
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of 138 Columbian black-tailed deer, Odocotleus hemtonus columbtanus, 
from British Columbia and 8 mule deer, 0. hemtonus, and 2 white-tailed 
deer, O. virgintanus, from “western Canada". Methods of examination, 
exact location of hosts, prevalences (proportion of animals infected) 
and intensity (mean number of worms per infected host) data were for 
the most part omitted in these papers. Stelfox (1962), in a non- 
technical paper on the parasites of big game animals in Alberta, 
mentioned the prevalence of some helminths "commonly" encountered 
in 21 "deer". Unfortunately, no further details on hosts or parasites 
were provided. Otherwise, there is little known about the gastro- 
intestinal parasites of either white-tailed or mule deer from Alberta. 
Many surveys of deer parasites have been conducted in other 
parts of the range (see Walker and Becklund, 1970), however, often 
the investigators limited themselves to a single organ system or 
genus or species of parasite. Frequently, intensity and prevalence 
data have been incomplete. Nevertheless, the large number of surveys 
has ensured that enough information is available to compare the 
parasite communities from different parts of the host's distributional 
range. 

In view of the pivotal position of Alberta in the geographic 
distribution of both white~tailed and mule deer of North America with 
respect to Dogiel's hypothesis, the lack of basic information on the 
helminth fauna of deer of the area and availability of information on 
deer parasites from other regions of North America, major goals of 
this study were, to: 1) identify and determine the abundance and 


distribution of the gastro-intestinal parasites of white-tailed and 
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mule deer in Alberta; 2) characterize the parasite communities as 
has been done for free-living organisms; and 3) compare and contrast 
the helminth faunas of deer from Alberta with those from other parts 
of the hosts' ranges and in so doing judge the validity of Dogiel's 


hypothesis. 
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II. MATERIALS AND METHODS 


SOURCE OF SAMPLES 

Viscera of 60 white-tailed and 60 mule deer were obtained in 
1975, 1976 and 1977 through the co-operation of the Alberta Fish and 
Wildlife Division (Appendices I and II). Deer killed on highways 
throughout the province and deer killed by hunters in a military 
installation, Camp Wainwright, Alberta were collected (Fig. 2). 
Samples were frozen until necropsy. In addition, the frozen viscera of 
13 Columbian black-tailed deer were obtained from two sites on 
Vancouver Island (Fig. 2) by the British Columbia Fish and Wildlife 
Branch in 1976. and 1977 (Appendix III). 

Whenever possible, sex, date and location of capture, and age 
in months (estimated err layers in sectioned incisors, 
Douglas (1968)), were recorded. Deer from Alberta were assigned 
to one of 5 natural biomes (Fig. 3). Distribution of these habitat 
zones was based on information synthesized from the maps of Soper 


(1964), Drinkwater (1969) and Hardy (1971). 


NECROPSY TECHNIQUES 

Standard necropsy techniques, as outlined by Samuel and Beaudoin 
(1966), Prestwood et al. (1971), Uhazy and Holmes (1971) and Pursglove 
et al. (1976), were followed. Heart, lungs, trachea and esophagus 
were separated from the visceral mass. The heart was serially sectioned 
(approximately 1 cm.) and examined for tapeworm cysticerci as was the 
pericardium. The external surfaces of the trachea and lungs were 


examined grossly for tapeworm cysticerci and lungworm lesions. The 
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Figure 2. 


Source location of 60 white-tailed deer (Odocotleus 
virgintanus), 60 mule deer (Odocotleus hemtonus) in 
Alberta and 13 Columbian black-tailed deer (COdocotleus 
hemtouns columbtanus) in British Columbia examined for 


gastro-intestinal helminths, 1975-1977. 
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Figure 3. Habitat zones of Alberta. 
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lungs were filled to excess with warm water and the contents emptied 
into a large container. The trachea, bronchi and larger bronchioles 
were cut, exposed and washed. Flushings from both sources were allowed 
to settle, decanted and examined for lungworms under 60X magnification 
of a dissecting microscope. 

The esophagus was cut the entire length, opened, flushed to 
remove adhering food particles and examined for esophageal nematodes 
under 2X magnification and light. 

The liver and common bile duct were removed from the remaining 
visceral mass. The bile duct was opened and examined for Thysanosoma 
actintotdes. The external surface of the liver was examined for lesions 
caused by tapeworm cysticerci or liver fluke damage and then serially 
sectioned (approximately 1 cm.) for these parasites. 

The mesenteries and all intestinal external surfaces were examined 
grossly for Setarta spp. and cysticerci. The greater omentum was cut 
from the left longitudinal groove of the rumen and from the descending 
duodenum and removed (Habel, 1975). It was then flushed with water to 
remove any contaminating rumen contents and examined under 2X 
magnification and light. 

The small intestine was removed -and separated into an anterior 
portion (approximately 1m.) and the remaining posterior portion. 

Both portions were flushed and the linings examined for parasites under 
2X magnification and light. The contents were passed through a 
graded series of sieves: 10 = 2.0 mm, 20 = 0.841 mm, 40 = 425 um and 


80 = 180 um mesh (Canadian standard sieve series*). The strained 
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material and worms were flushed off the sieves into buckets and 
repeatedly washed and decanted until the supernatant was clear. 

The concentrate was then examined for parasites under the dissecting 
microscope (120X to 500X). 

The caecum and large intestine were separated and flushed. The 
contents were repeatedly washed and decanted until the supernatant 
was clear. The concentrate was examined in the opie manner as that 
from the small intestine. The large intestinal and caecal mucosae 
were examined under a lighted magnifier for nematodes. 

The abomasum was removed from the other stomachs and opened 
along the greater curvature. Contents were flushed into a bucket 
and poured through sieves. The sieve contents were washed and 
decanted repeatedly until a concentrate was attained. The concentrate 
was examined at 120X to 150X under a dissecting microscope. The 
abomasal mucosa was divided into pyloric and fundic regions and 
scraped with a dull scalpel. The scrapings were examined under a 
dissecting microscope (120X to 500X). 

The rumen was split along the greater curvature. Rumen contents 
were removed and the lining was examined grossly for rumen flukes. 

Nematodes were counted, sexed and preserved in 70% ethyl-alcohol 
containing 5% glycerin for later examination. Cestodes were fixed in 
aceto-alcohol-formalin (AFA) and stained in Harris" haematoxylin, 
Semichon's acetocarmine, Blachin's stain or Grenacher's borax carmine. 
Nematodes were cleared in lacto-phenol beechwood creosote (1:1), 
cestodes in methyl salicylate. Identifications of nematodes and 
cestodes were made using the following keys and descriptions of 


parasite morphology: Ransom (1911); Ackert and Muldoon (1920); 


eo) a swt 
gel joateyb wel eens 


eT « 


, 


cy oe 
* 
, 
é 
ria 


s 


ive Shae Se cme A | me . 
siawiopyl act Shp eocenty ¥ 


ao ; | Fo 
i) oe | axe ce aa 


sda eet ina 


three aren Pasi alt 8 snp aac, vt 


(Pemex até Popoowegs: Koredeaet ‘ty fe ‘ 
a et “oe Ag ae 
mates Ye de Nh eee ae re grat! Ls aaa 

seid axes Shel Saye atari. 


ts 


1 sod hy S ike ath i Sem 
Ty - came ox: Sear = 


sit? mrt f saT4 : ll > oars oat” 2 a 


4 e : 
= 4 ~ 6 > 7] =" = Ps stg lige bey 0, 
ei? : 


» 


i ie & pasa 4 ales 
ok $5 


ne) = a tial Le} ¥ fr ‘ 
ee sedi | 


i BG — . linge ail? a 


= e ae e 


a 
f 


MS 


a a! - ts 
S wi; gatiaad vidios * oh Cae 
; ; 1 —- 


a 


i20-es Jo oloagrisy Yagnk a 4he see 
? _ _ > 2 ae 


is 


»s 


—_— 


--=- 
— 
—s 


as 


Dil 


May (1920) 


Geo 


& 


~- 
eS 


~ - 
ee 
-—-- =— 


—_—_--> 


= 


== 
-—=— 


7 


' 


4 


vw eae (rat 3 OQEE a 
ie pt 
smdifinnie Ae 2 edhe 
~ ep y ; 7 
Sa08) CORL: oer oe at 


j a 


Rk 


Soleteh tahgete cileareal ee 2 
“sv wlse ils hes bavonee Goo Vail Gl met 
bewada & oe Pate fa ray tight 
ey te fe ek orto Toate asi dpoone delae 

<Rave Be a 


how ,4899R5 durian 


< IRA . 
Ti le oy iiuereeasg Ler f eae aon otae 

af ee, UR Sapo" | Wate est 
tg ‘aca. evel. babolsd eee eet 


y ! yi eG De «34% run ‘vienna Oe | 


Pat Ue 


Thue. Ate cele ony onan 


» walter, 4 )28h ant ay. 
Vea eat | 7 


u@ *Ovan)s64e 15 1p Ape, frp 


Pe 4 ee ay > - oe 5 fem ve erate Lg w hy Wiebo> Man 


oy botieqs ase ui teaedarr <a AP ran i ae 
vd Gears it Aa wom coba ore abs ga ts i ung 
° 
| . - ato re : 


Bartlett's test (Snedecor and Cochran, 1967). 


analysis of the data are given when first used. 
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III. RESULTS 
GENERAL OVERVIEW OF HELMINTH FAUNA 


Alberta 

In total, 22 (37%) of the 60 white-tailed deer examined were 
infected with one or more helminth parasites. Eleven species, 
including 9 nematodes and 2 cestodes, were found (Table I). White- 
tails were generally lightly infected having a mean of 0.6 species 
per deer with a maximum of 3 per deer. Trichostrongylus axet was 
the most prevalent parasite (12%) in whitetails (Table I and Fig. 4). 
Since no males were found, specimens of the whipworm, genus Trichuris, 
remained the only helminth that could not be identified to species. 

Mule deer were infected with 16 species of helminths including 
13 nematodes and 3 cestodes. Fifty-two (87%) of the 60 mule deer 
examined were infected with a mean of 1.6 species per deer anda 
maximum of 6 per deer. The most prevalent parasite found was the 
abomasal worm, Ostertagta ostertagt (22%). Other prevalent parasites 
included Taenta hydatigena cysticerci (20%), the pinworm, Skrjabinema 
parva (17%) and Ostertagta bisonis (17%) (Table Toandphig. <4); 

Although mule deer were host to all of the parasites found in 
white-tailed deer, there were differences in the abundance of the 
worms in the two host species. Differences are easily visualized by 
constructing parasite profiles (Levine, 1963). These plot the 
relative abundance (i.e., proportion of the total number of worms 
found) of each species in the same order. In white-tailed deer, the 


lungworm Dictyocaulus viviparus emerged as the most abundant member 
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Figure 4. 


Prevalence (proportion of animals infected) of 
gastro-intestinal helminths in 60 white-tailed deer 
(Odocotleus virgintanus), 13 black-tailed deer 
(Cdocotleus hemionus columbtanus),.and 60 mule deer 
(Odocotleus hemtonus). Sy = Seteria yeht,.Om = 
Orthostrongylus macrotis, Dv = Dietyocaulus vivtparus, 


Ob = Ostertagia bisonts, Oc = Ostertagta circumeincta, 


Oo = Ostertagta ostertagt, Ot = Ostertagia trifurcata, 
He = Haemonchus contortus, Cs = Cooperta surnabada, 
Ta = Trichostrongylus axet, Nh = Nematodtrus 


helvetianus, No = Nematodirus odocotlet, Nl = 
Nematodirella longtsstmesptculata, C = Captllaria sp., 
Tha = Thysanosoma actintotdes, Th = Taenta hydatigena, 
To = Taenta omtssa, M = Montezia sp., T = Trichurts 
sp., Ov = Oesophagostomum venulosum, and Sp = 


Skrjabinema parva. 
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of the helminth fauna (Fig. 5). Trichostrongylus axet and 
Orthostrongylus macrotis (= Protostrongylus macrotis) were also 
relatively abundant. Skrjabtnema parva and all of the cestodes 
were minor components of the helminth community. 

The helminth fauna of mule deer displayed a different pattern 
(Fig. 5). Skrjabinema parva was the most abundant parasite. The 
intestinal nematodes, Nematodtrus helvettanus, N. odocoilet and 
Nematodirella longtsstmesptculata, which were absent in whitetails, 
accounted for 53% of the relative abundance in the mule deer helminth 


community. 


British Columbia 

All of the 13 Columbian black-tailed deer examined were infected 
with one or more species of helminth. In total, 11 species were found 
including 8 nematodes and 3 cestodes (Table I). Black-tailed deer 
were infected with a mean of 2.9 species of helminth per deer and a 
maximum of 6 per deer. WNematodirus odocotlet was both the most 
prevalent and the most abundant parasite (Figs. 4, 5). It was not 
possible to identify Captllarta or Trichuris to species since no males 
were found. Specimens of the tapeworm Montezta were poorly preserved 
and appeared to be immature; hence, specific identification was 


impossible. 


PARASITE POPULATIONS 
Communities by definition, are integrated ecological units 
composed of several populations of different species. To make any 


statements about communities as wholes, some consideration of the 
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Figure 5. 


Parasite profiles of gastro-intestinal helminths in 60 
white-tailed deer (Odocotleus virginitanus), 13 black- 
tailed deer (Odocotleus hemtonus columbtanus), and 60 
mule deer (Odocotleus hemtonus). Abbreviations as in 


the preceeding figure. 
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behavior of constituent parts should be attempted. In this section, 
the correlations between gastro-intestinal helminth populations and 
host sex and age, season of capture and habitat zone where captured 
will be considered. 

In white-tailed deer, analysis of variance indicated that 62% 
of the variance in the number of parasite species, and 73% of the 
variance in the number of worms could be related to host sex and age, 
season of capture and habitat zone (Table II, III). These main 
effects alone, however, were responsible for only 15% and 19% of the 
variance in species and individuals, respectively, whereas interactions 
among the main effects accounted for 47% and 54%. The age-season 
interaction was the major factor accounting for variance in the number 
Of parasites found (F = 3.602, P = .017). Of the main effects, 
season was the most highly related with the number of parasites. 

In mule deer, main effects were more important than interactions 
in explaining the variance in both number of parasite species and the 
number of individual worms (Table IV, V). Sex was the most highly 
related factor (F = 3.019, P = .095), followed by habitat zone (F = 1.753, 
P = .165). Neither the season-sex interaction or the sex-habitat 
zone interaction accounted for much of the variance however (5% and 
12% respectively). 

Small sub-sample sizes made direct analysis or display of any 
relationships between the main effects and individual species or 
genera difficult. Raw data are presented in the form of "resource 
matrices" (Colwell and Futuyma, 1971) (Tables VI, VII), which attempt 


to characterize the spectrum and extent of use of resources by the 


te. ys 


hi pchtaee, piles 
buts ay ee 


}etus qe “ibile 


e 
dA 


on; 


teats e483 7, alread 
to TRY hoe ~eei Sage ‘o8sme 


vad 30H, OF CerpLvy ed ohdee 


a) Biol 


t bain S02 law es, a cg oem aa 


oo ->5 ee 20{sa wiht, on 4 
% i pey . i(oT) -~e'« Racy: a Saiie? vend 
Pe eet ime of 7 Gotwist hits ‘a 240m ae me. Pa 
’ 
ial? Jieeaqel Sap elke efelie atom ab Shay a te 
af | e ka mao hud @f donad shaded os anbitgtage'at | 
i } as 6 ay y i t niet) ase ae, to 2a 
vas | c 
ey) | bewatie® . 4 2 &@ ,Ciect 2 “) sofa : 
j ee es he voli ;, > teers at) sai Ai, # 
anise ot Vo“ oy 70% ‘ha demoed sonar, 
‘ enero 
4 nits 1% eyviaenm §9etth Simm eecic ae 7 
medhe elie’ i on wwhbs adam “es weit ical . 
‘te ayal'® ally 2t ipenekery B38 a2ub. sale _ bin | 
piv (Sd) (0% Fans bite 


* at ne 
: eo ar 


on 


: a 7 


2 Uae oes “awe ibd Bw a 


- 


es 


¥ 
pag, 
‘ 


2 at 
; ! ic 
cevdu (of ov lavenwe (stextbhy tone bas scoala 
5 7 
ea aT) =v eee | wees timed Seq 


woearyr 


Lid haae 
als qd eanyeeesy 1 Ue nee Be Bene eg roa 
° DF. 


5 : 
ube - 
Daye; x me + ‘ 


7 Sy 


_—_ 
is 


24 


TABLE II. ANOVA table for the number of parasite species in white- 


tailed deer (Odocotleus virgintanus), by habitat zone, 


age class, season of capture and sex of the host. 


were transformed by log) 9(x+tl). 


Data 


Higher order interactions 


were suppressed if empty cells or a: singular matrix was 


encountered. 


Source of Variation 


MAIN EFFECTS 
Habitat 
Age 
Season 


Sex 


2-WAY INTERACTIONS 
Habitat Age 
Habitat Season 


Habitat Sex 


Age Season 
Age Sex 
Season Sex 


3-WAY INTERACTIONS 


Habitat Sex Season 


EXPLAINED 


RESIDUAL 


TOTAL 


Sum of 


Squares 


0.334 
0.207 
0:022 
0.092 


0.014 


1.044 
0.296 
C719 
0.218 
0.457 
0.000 
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0.009 


0.009 
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TABLE III. ANOVA table for the number of worms in white-tailed deer 


(Odocotleus virgintanus) by habitat zone, age, season of 
capture and sex of hosts. Data were transformed by log) 
(x+1l). Higher order interactions were suppressed if empty 


cell or a singular matrix was encountered. 


Sum of Mean, Prob. 
Source of Variation Squares DF Square F of F 
MAIN EFFECTS 15.665 10 0.186 a Ea bs] 0.244 
Habitat 0.554 4 0.138 1.049. 0.407 
Age 0.197 2 0.098 0.746 0.487 
Season 0.822 3 0.274 22078 OO E35 
Sex 0.048 i 0.048 Q;, 355 0.552 
2-WAY INTERACTIONS 5.260 25 0.210 P55 0.145 
Habitat Age 1.650 6 On 245 2.085 0.101 
Habitat Season 232 7 0.176 ~ 334 0.286 
Habitat Sex 0.806 4 0.202 as Oe2c2 
Age Season 2,0 S 0.475 602 0/017 
Age Sex 0.000 1 0.000 .000 1.000 
Season Sex 0.421 2 0.210 ~594 0.228 
3-WAY INTERACTIONS 0.015 1 O.0.15 0.102 ORF is 
Habitat Age Season 0.013 1 ORO 02102 C2753 
EXPLAINED 7.138 36 0.198 1.003 0.168 
RESIDUAL 2.639 20 Ua es y4 
TOTAL Aa) 56 O21 75 
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ANOVA table for the number of parasite species in mule deer 


(Odocotleus hemionus), by habitat zone, age class, sex, and 


season of capture of hosts. 


Data were transformed by log)o 


(x+l). Higher order interactions were suppressed if empty 


cells or a singular matrix was encountered. 


Source of Variation 


MAIN EFFECTS 


Habitat 
Age 
Season 


Sex 


2-WAY INTERACTIONS 


Habitat 
Habitat 
Habitat 
Age 


Season 


EXPLAINED 
RES IDUAL 


TOTAL 


Age 
Season 
Sex 
Sex 


Sex 


Sum of 


Squares 


O- 
0. 


0. 


ol; 


143 


149 


-076 


128 


~ 385 


084 


Halts) 
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001 


902 


001 
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DF 


10 


30 


56 


Mean 
Square 
0.052 
0.036 
0.074 
0.025 


O51238 


0.024 
0.017 
0.026 
0.031 
0.007 
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TABLE V. ANOVA table for the number of worms in mule deer (Odocotleus 
hemtonus) by habitat zone, age class, season of capture, and 
sex of hosts. Data were transformed by log)g(x+l). Higher 
order interactions were suppressed if empty cells or a 


singular matrix was encountered. 


Sum of Mean Prob. 
Source of Variation - Squares ODF Square F Ole b 
MAIN EFFECTS 8.322 10 0.832 1.583 0.160 
Habitat 3.686 4 0.921 ET EST: Oig2z0 
Age | 1.649 Zz 0.824 1.568 02225 
Season 0.486 3 0.162 0.308 0.3819 
Sex 1.587 1 1.587 5.049 020935 
2-WAY INTERACTIONS 5.446 16 0.340 0.648 0.819 
Habitat Age 2.364 5. URE 0.900 0.494 
Habitat Season 1/0 6 0.195 Oe371 0.892 
Habitat Sex 1. 397 z 0.699 929 0.280 
Age Sex 0.053 2 0.027 0.051 0.951 
Season Sex 0.161 i 0.161 0.307 0.584 
EXPLAINED 13.768 26 0.530 1. 0G7 0.489 
RESIDUAL Jes perdons’ 30 0.526 


TOTAL 29.536 56 0.527 


‘oh ee 
; | 
‘ft 
eee 
my i 
’ 
fe 
i. 
ih } 
5 
a ote 
ty 
> 
“ 
2 
‘ 
1g « 
+i 


a 20, ties ies oe 


Yi BS . ew @ 


od 


re 
occ 
a) Os 
i 
i { i] \ 
ty Ff er. 
Ww, a: ee 
¥ f a] 
LJ 
ye: 
st i] ' 
‘if P) me 


28 


cor 7) OZ. = 01 8 Ae: cle eRe? ois 66% 6IT 8¥ TVLOL 
78 0 0 0 0 0 0 0 0 09 77 ) s8un] (Y 

0 0 0 ) 0 0 0 0 0 ) 0 0 ABATT (3 

ral 0 0 Z 0 0 0 ) 0) 0: 0 OT SeTisjUuesoW (F 

7) 0 y 0 ) ) 0 0 0 0 0 0 wnoee9g (a 

rd T 0 0 0 0 T 0 0 ) ) 0 euTISeZUT e31ey] (Pp 

T 0 0 0 0 0 T ) 0 0 0 0 "RUT [TTeUsg AzAOTAAASOg (9 

Y, 0 0 0 Z Z 0 0 0 ) 0 0 "JUl [TeuUg AoTraquy (q 

647 0) ) ) 0 O€ 8 6 Z 0 0 0 unsewoqy (fe ALIS 
6T 0) ) ) ) 07 eqty Oe) 0 0 l ) Butads (p 

LY T i 0 c TE @) 8 % T 0 T 29 {UTM (2 

CE ) € Z 0) if ) T ) 6 TT, z uunyny (q 

ie 0 0 0 ) @) 0 0 0 OS 0 L gewunsg (2 NOSVaS 
LZ 0 ee O 0 0 ) 0 0 £ ST T IIMNpy (2 

€9 0 0 0 0 9 0 0 ) OS 0 2 BuTT rea (q 

9€ 20 € Cd @) C Cle 0) Z 9 a8 umeqT (e SSV1O HOV 
T8 iE ~ Z ) 07 eh ty 6 6 77 4 eTeweq (q 

QL. 0) Z 0 Z 8 ) ¢ 0 is, 0. 8 eTen (e XaS 
9 T 0 0 0 y 0 ) i 0 0 0 suejUOY (a 

0 0 0 0 0 0 0 0 0 0 ) 0 STTTYI00g (Pp 

BE 0 0 ) Cc E 9 7 T L aR 0) eTAteig (2 

7 0 0) ) 0 0 9 T 0 OS 9 8 Teer0g (q 

ey 0 v7) Z 0 8Z 0 v7) 0 € 0 Z pueTyzeg (@ YNOZ LVLIGVH 
TvIOL dg Pal, a CL PL HF oO 40 Ad wo 86.sdAG 


setoods 8121S soONOSeyY 


-—-__—oe 


‘eqAsaqyTy worjz 


(snun2Uuzb41a $naj110D0pO) Aeep peTTeI-seITYM 09 Jo syjUTWTOY TeufIsejuy—o1jse3 jo xTajzew sdAanosey “IA FZIGVL 


oo a <2 72> Oo > A> <2 


‘ 
= » , . = @) ‘as ie oe. 


»o a Aon “ a a abu = led 


og > mite & a No ae © ei ae oe aw 


—w.. + Ye, m A the i 


Oar =OseaeL40 Con ee 


Fi 
, 

>» €» 2 * ih & A |. os = > ne Cy 

: | cr <a ‘ “* 14 7 ; =D & ’ 


oeowt oe oe @ 
he wi we 


x —_ 
e. 
po 
4 
¢ 
—_ 
tr al : 
af : ; ' 
@ ; tp ul * 
ee | Mie &.0) | 
2s Co Wal ea 
= a. y +i ° = 4 
< “ 7s «@ _ ce: 4 
ny re @. . 
o. bois | °% a) of 
- ” a 7 “ ¢ ’ & 
aie fe ae em, 
we PY Ao ee 
Nae 


ad Oe: oqnoneoding bal 


7c 


29 


ee 


ByStimrSS6s= 06. 75 99° ~80te £962 LEEZ OL ST “SS “OT “984 6¥T ¥9T 6zE°™ Iz TVLOL 

49 ) 0 T 0 0 0 0 0 0 0 0 0 0 Se TE 0 ssun] (y 

S ) ) 0) 5 0) 9) 0 0 0) 0 0 0 0) ) 0) 0) JPATT (3 

LT 0) ) 0 ae X9) ) 0 0 0 0 0) 0) ) 0 0 ¢ SoTisquesoy (5 

96TT O6IT 9 0 ) 0 0 0 0) 0 0 0 0 0 0) 0) 0 undseeg (2 

rat 7T 0 0) 0 0 ) 0 0 0 0 ) 0 0 0 0 0 oUF SeqUT e81e7] (Pp 

YT l 0 0 0) O-Ea.c 0 € z 0 ) 0 0 0) 0 0 *IUl T[eug ToOF193s0g (2d 

O8ST LT T 0 0) z9 669 O19 CLT eT 0 0 oT T 0 0 0 "3UI TTeUg TOTIaIuy (q 

LyT 0 0) 0 0 0 0 t ) ) St eee 76 cE 0) 0 0 unsewoqy (e aLIS 

ZT€ T 0 0 iF 0 9.0 {e077 OT 8 0 0 l 0 v7 v7) T Suyads (p 

2STT T6 ¢ T (Ae eral) £09 z8 TS tae C S 0 92 7 €Z 97 € JequtM (9 

yTZT TEGEOSE 0) € ) ) 0 0 z € Z €9 ui 9 z 0 uunjny (q 

z ) 0 ) 0 0) 0 0 ) 0 0 0) 0 0 ie T 0 qewmung (e NOSVaS 

79 ¢ T ) 0 0 ) 0 OT 0 T 6 7 ni € i ) qINpy (2 

v6IT CcoLle -¢ 0 T 0 0 0 0 Z Z 0 "€ V7 7Z 0 0 SuyTieex (q 

T6% y 0 0 ) 09 78T 0zz l i! 0 0 € T 9 4 € umeg (e SSVID JOV 

919 8 T 0 i OS 78% T9 9S if V7 0) 6 ZT 9 82 € eTeuay (q 

00%2 LIZ. 9 i 6 z9 T€Z TLS SEl ec Ti ec 76 72 8Z € T eTeN (e Xas 

TEL y T 0 ) 0 OOT TT9 ) ) l 0 l ) T ) 0 auequoW (2 

92 ) 0 0 V7 0 0 0) OT 0 0 9) ) € z c ) STTTYI004 (Pp 

SSE i 9 0 ¢ 09 0 Tz €9T 0 4 0 ras zz EZ 0 0 efaferg (9 

BES 0 0) T € 0 78y ) i T Z 0 21) eo T €Z @ Teelog (q 

STET SZ7IT 0 ) 9 z Tee 0 8 z € Z TE TI € € € pueTyzeq (@ YNOZ LVLIGVH 

TVLOL dg Tee Ole UG « U2, TN ON Se UN 8) a Ul Seon 00 qo Aq wo 4g 

a ae ee eS 
setoeds 3381S esDInNO0Soy 


re en SE 


“BIAeqTY Worsy (SnUuoTWeY SNe71ZCD0PO) Jeep aeTNU Q9 Jo SYIUTWTeY TeUTISsezUT-or4se3 Jo xT1zeU adInosey “IIA AIAVL 


= 
@ 
© 


bf 


ee = 


ey =< 


p) wertna> 


) yk ee ee aa 
pesgecesg egw <r ay 


rm % 5 ees, 


+ , ac ae 


*Reees 


> - a i 
+ - FT) c 
~~” o al q 
~ = 
ia 5 ~~ 
> * * 
Oa) = 
>» & » = » - 
—_~ 
‘ s.© @ 


7 aa 


“09 


i = 


) tr Gece 


made 

“pubere ik 
Pee. fe 2 

"2° Sete ont ae 


o aif * opeew 


30 
parasites. Due to the nature of this study this attempt is crude, 
but it is hoped that the reader can refer to these matrices as well 
as the appendices for details of data distribution. 

Number of Nematodtrus helvetianus and N. odocotlet in mule deer 
varied significantly with season (Mann-Whitney U = 20.5, P < 0.05), 
showing a decrease from winter to spring. When habitat effects were 
controlled for, however, this trend lost significance (see below). 

The Mann-Whitney U test was used because it is a non-parametric 
Statistic which assumes that samples come from populations having 

the same distribution (Sokal and Rohlf, 1969). Ostertagta btsonts 

and 0. ostertagt also showed a seasonal trend in mule deer (Fig. 6), 

but this was not statistically significant. There eae to be one 
annual crop of Ostertagta spp., in which adults peak during the late 
summer and autum. JTrtchostrongylus axet was more prevalent in winter 
(22%) than at any other season (3%) but, due to the low level infections 
found, ee in intensity could not be tested. 

With one exception, sex did not appear to be importantly related 
with the intensity or prevalence of any helminths. WNematodtrella 
longisstmesptculata infections were more intense in female mule deer 
than in males (482 vs 74) but the single infected male precluded 
statistical analysis. 

Age was not correlated with intensity or prevalence of any of the 
parasites. Similarly, age classes were not related. The low levels of 
parasite infection, coupled with the small sample size of accurately 


aged animals (69 out of 120) may have veiled any trends that were 


present. 
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Habitat zone was significantly related with intensity of 
Nematodirus odocotlet infections in mule deer. WN. odocotlet were 
more numerous in deer from the montane zone than from deer of other 
habitat zones (204 vs 12) (Mann-Whitney U = 21, P = 0.02); even 
when seasonal influences were considered (Table VII). Dtetyocaulus 
vivtparus infections were more intense in mule deer from the prairies 
than elsewhere. A similar trend was not apparent for white-tailed 
deer. The whip worm, Trtchurts sp. had a primarily southern 
distribution in Alberta. Infected whitetails were from the southern 
portion of the aspen parklands and 4 of the 5 infected mule deer 
were from the prairies. 

Intensities of infection in the Camp Wainwright subsample did 
not differ significantly (P > .05) from that of deer from the 
remaining aspen parklands. Eighty-eight percenmaGnre) of the mule 
deer from the Camp were infected as opposed to 85% (11/13) from the 
aspen parklands sample. Likewise, white-tailed deer from Camp 
Wainwright did not differ (P > .05) in prevalence of infection from 
those outside (5/10 vs 7/16) respectively. 

Abundance patterns of the deer erie differed to some extent. 
Mule deer in the Camp were infected with 9 species, all of which were 
of very low abundance except for Skrjabtnema parva which dominated 
the helminth fauna (Fig. 7). Mule deer from the aspen parklands 
excluding Wainwright, harboured 11 species of which N. longisstmesptculata 
and S. parva were dominant (Fig. 7). White-tailed deer from Camp 
Wainwright were infected with 4 species as opposed to 6 species from 
the parklands. One major difference in the abundance patterns was 


the absence of 7. auxet as well as other abomasal nematodes from the 
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Figure 6. 


Intensity of infection (+ 1 S.E.) of Ostertagia 
btsonts and Ostertagia ostertagt in mule deer 
(Odocotleus hemtonus) from the seasons of capture. 


A = Autumn, W = Winter, Sp = Spring, Su = Summer. 
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Figure 7. 


Parasite profiles of gastro-intestinal helminths from 
mule deer (Odocotleus hemtonus) in Camp Wainwright, 
Alberta (N = 8) and in the aspen parklands excluding 


Wainwright (N = 13). Abbreviations as in Figure 4. 
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Camp (Fig. 8). D. vivtparus, T. hydatigena and Trtchurts sp. 


were all of equal abundance in Camp Wainwright. 


COMMUNITY CHARACTERISTICS 


Krebs (1972) identified 5 measurable characteristics of 
communities: 
1. species diversity, 
2. growth form and structure, 
3. dominance, 
4. relative abundance, and 
o- trophic structure. 
Although some of these attributes are not readily investigated 
in parasitic systems, there were several relevant characteristics 


that could be ascertained in this study. 


Species Diversity 


Several measures of species diversity were computed including: 
1. simple species richness (S), the number of species in 
the community, 
2. areal species richness (R) (Whittaker, 1965), which 
as used by plant ecologists, was defined as average number of species 
present per unit area. Here,. Ris defined as the average number 
of species per deer (including uninfected samples). Since it is an 
average, R is amenable to statistical analysis, 
3. Simpson's (1949) index of diversity (D), calculated 
as 


D=1 eRe te where Y, is an importance value for species i, 
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Figure 8. Parasite profiles of gastro-intesinal helminths from 
white-tailed deer (Odocotleus virgintanus) in Camp 
Wainwright, Alberta (N = 10) and in the aspen parklands 
excluding Wainwright (N = 16). Abbreviations as in 


Figure 4. 
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in this case percent prevalence, and N is the total of the importance 
values for S species (as diversity increases, the magnitude of both 
H' and D increases), 

4. Shannon-Weaver (1949) index of diversity (H'), 
calculated as 

H' = - P, In P, where P, is the proportion of the community 
of S species represented by species i and In is the natural logarithm, 
and 

5. equitability (J), (Pielou, 1969), calculated as 

Se Hi/Hy where H' is the Shannon-Weaver index and 
H' =1n S. 

All measures of species diversity were calculated for white-tailed, 


mule and black-tailed deer and are presented in Table VIII. 


Growth Form and Structure 
As defined by Krebs, this community characteristic is not 


readily interpretable in parasitic systems. 


Dominance 

Krebs (1972) characterized dominant species as, "... those which 
are highly successful ecologically and which determine to a considerable 
extent the conditions under which the associated species must grow." 
Therefore, a species may be functionally dominant in a community 
without being the most abundant species. No studies of functional 
dominance in parasitic systems have been made. 

Several parasitologists including Gallimore (1964), Dogiel et al. 


(1964), Kisielewski (1970) and Bush (1973) have attempted to define 


amass oie to OS baera ae wef 


oely Drage * Cotes “G. one si nl bes a: valane 


4 


i¢ 5 
i 7 


: a 


7 <y » ph a he 
en iatalibliad SCC gon ‘eo, Eee ete ne ; _* 


wa (Ts ? 5 n 

rota ale aie 
7 oe Wy Le a 
oJ my - ~~. F 


tet-etidw 7o4 berafvelen spe Gleave ‘sph ge ae: oe) ae ’ 


‘Livy atta wa tpn via Si ete betkesushabd 


ice xebad & aa lara nil? dé vi. aroee 


at 


> 
1 


a 
pte bs LF & 
ah olteb ate ee ribgvcwes r) 
meatayh Daa Letxag ‘nl <feto @e eran ; 


Ft ; : =| 


hi » 9% eslved> MihreL if 3 ae sn ginetnds a a a 
oS OT erbagegeh alate deme, ‘Lina heist Renate. a 
s i. ue 
vo some bloom hat o Awe tel on | jp. the + ably “a Shoes a 
, 


7 7 
\ 


Pe tr ae 
‘hpudes «a at bende ieee me? wt al 7 “a 
ie 

8 Nh e 

Se Te 


sdohisznrt le exlpacra Ge haa eqs uihaude 
abel pail’ aivaail som t 


ts te Ipiged (oon aqeuil gn entyeteu) 43 


enttel eo? besdendte oeed Net pigs : — of 


40 


TABLE VIII. Measures of diversity, equitability and species richness 


of gastro-intestinal helminths from mule deer (Odocotleus 


hemtonus), and white-tailed deer (Odocotleus virgtnianus) 


from Alberta, and black-tailed deer (Odocotleus hemionus 


columbtanus) from Vancouver Island, British Columbia. 


Species Richness (S) 
Shannon-Weaver (H') 
Shannon-Weaver (H' prev) 
Equitability (J) 
Equitability (J prev) 
Simpson's Index (D)=(1-C) 


Areal Species Richness 


MULE 


sol 


WHITE-TAILED , 


EY 


BLACK-TAILED 


ip! 


ibe) 


Zeus 


| 


88 


. 86 


outed 


7 Se eee pee) 


“wt oa a 
; ‘saebaiiavels re Sai sad 
oe | rat beech ~ ret bine 


7 ‘ww iv ‘'v a Te 
nieopian Aaks he aoa 9 i sera” St 


fe Paes ao 


GA TAT 7014 


pe ent ea. oye a (Gad » @ 


ep jb tr ey 


41 


numerically dominant components of helminth communities. Bush (1973) 


was the first to propose a quantitative measure dominance, D;- 


D, = Z, x 100 where Zs (Janion, 1968) is an abundance 
5 Ze index for species i in a community of 
S species. 
Z, "ab where a is the total number of individuals 


of species i, b is the number of host 
individuals infected with species i and c is the total number of 
hosts examined. 

Bush (1973) defined a dominant species as one which is 
characteristic of the community and has a Dd, value -reater than l. 
Species for which Dd. is between 0.01 to 0.99 were classified as 
co-dominants. Co-dominants make a significant contribution to the 
community, but can do well in other habitats (i.e., hosts). Another 
category, successful immigrants, include those species which occur 
infrequently, are not characteristic of the communigy, probably belong 
to another habitat, but develop and reproduce in the host under 
examination. They have Dd. vaiues between 0 and 0.009. Unsuccessful 
immigrants do not mature, contribute little to the community and are 
always characteristic of another habitat. dD, equals 0. 

D, values, Z; values and dominance classification for white- 
tailed, black-tailed and mule deer gastro-intestinal helminths are 
Visted in: Tables 1X, X, and XI. Based ‘on Bush's (1973) criteria, 
ten species, Setarta yeht, Orthostrongylus macrotis, Dtctyocaulus 
vivtparus, Haemonchus contortus, Trichostrongylus axet, Trichurts sp., 
Thusanosoma acttntotdes, Taenta hydatigena, Ostertagta btsonts and 


Ostertagia ostertagt were dominant in whitetails. Although deer serve 
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TABLE IX. Abundance (25) and dominance (D,) measures of the gastro- 
intestinal helminths from 60 white-tailed deer (Odocotleus 
virgtntanus) from Alberta. (2, and D, calculated as in 
Bush, 1973.0 


“5 D, CLASSIFICATION 
Setaria yeht =. 0041 8.102 Dominant 
Orthostrongylus macrotts .0075 14.822 Dominant 
Dictyocaulus vivtparus .0183 36.166 Dominant 
Ostertagta bisonis .0008 Toor Dominant 
Ostertagta ostertagt .0016 BOL62 Dominant 
Haemonchus contortus -0038 72500 Dominant 
Trtchostrongylus axer sULOS 203/50 Dominant 
Trtchurts sp. .0019 S750 Dominant 
Skrjabtnema parva .0005 0.988 Co- dominant 
Thysanosoma actintotdes .0008 12582 Dominant 


Taenia hydatigena 0008 1.581 Dominant 
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43 
TABLE X. Abundance (Z,) and dominance (D,) measures of the gastro- 
intestinal helminths of 60 mule deer (Odocotleus hemtonus) 


from Alberta. (2, and D, calculated./as iin, Bush, 19:73.) 


2, D; CLASSIFICATION 
Setarta yeht -0025 P2805 Co-dominant 
Orthostrongylus macrotis -0100 139 Dominant 
Dietyocaulus viviparus -0125 ee23 Dominant 
Ostertagta btsonts .0127 1.446 Dominant 
Ostertagta ostertagt 20322 S80: Dominant 
Haemonehus contortus .0008 091 Co-dominant 
Cooperta surnabada .0013 148 Co-dominant 
Trichostrongylus axet .0058 .660 Co-dominant 
Nematodtrus helvettanus -0555 6.320 Dominant 
Nematodtrus odocotlet - 1766 20.112 Dominant 
Nematcdirella longisstmesptculata .1963 22.5355 Dominant 
Trichuris sp. .0033 2375 Co-dominant 
Skrjabtnema parva ~3427 59.027 Dominant 
Thysanosoma actintotdes cOUL7 22010 Co-dominant 
Taenta hydattgena .0077 ABW Ed! Co-dominant 
Taenta omissa .0005 .056 Co-dominant 
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TABLE XI. Abundance (Z,) and dominance (D,) measures of gastro- 
intesintal helminths from 13 black-tailed deer (Odocotleus 
hemtonus columbtanus) from Vancouver Island, British Columbia. 


(Z; and D; calculated as in Bush, 1973.) 


Z. Dd. CLASSIFICATION 
Setarta yeht | .047 ft liv a a Co-dominant 
Dictyocaulus vivtparus 10.024 13.294 Dominant 
Ostertagta ctrcumctneta 17.686 7 id eee Dominant 
Ostertagta trifurcata - 586 777 Co-dominant 
Nematodtrus odocotlet 43.172 cs ies as Dominant 
Captllarta sp. .012 .016 Immigrant 
Oesophogostomum venulosum 3.432 4.552 Dominant 
Trtchurts sp. eee .282 Co-dominant 
Montezta sp. 081 0.00 Unsuccessful* 
Taenta hydattgena .024 0.0003 Immigrant 
Taenta omissa -189 0.002 Immigrant 


* Does not mature in this host. 
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45 
only as intermediate hosts for Taenta hydattgena, the worms were 
considered as being mature in these hosts and, therefore, were 
treated in the same manner as adult stages of other parasites. 
Skrjabinema parva was a co-dominant. In muel deer, 9 species were 
dominant including Ostertagta brsonts and 0. ostertagt, D. vivtparus, 
Nematodtrus helvettanus and NW. odocotlet, Nematodirella 
longtsssimesptculata, S. parva, T. actintotdes and O. macrotis. 
Four species in blacktails were dominant; D. vivtparus, Ostertagta 
etreuncincta, N. ododoilet and Oesophagostomun venulosun. 

To characterize abundance of a parasite species, one must 
consider both intensity and extensity of occurrence. Parasite 
profiles are probably the easiest way to visualize abundance of 
particular helminths within the framework of the entire parasite 
assemblage. Parasite profiles are plotted for white-tailed, black- 
tailed and mule deer (Fig. 5). In addition, profiles for deer from 


the different biomes of Alberta are presented in Fig. 9. 


TLOpiLe oeructure 


Parasite communities are unique in that there is no predation 
exerted on populations within a host. No energetics study was attempted, 
hence no comments can be made on trophic dynamics. 

Taxonomy of helminths, however, is often based on the morphology 
of feeding structures. Therefore, the taxonomic make-up of a 
community of parasites does, to some extent, reflect the trophic 
structure. 

As in all ruminants so far examined, the helminth communities 


of deer can be characterized as being composed primarily of direct 
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Figure 9. Parasite profiles of gastro-intestinal helminths of 
white-tailed deer (Odocotleus virgtntanus), and mule 
deer (Odocoileus hemtonus) from the biomes of Alberta. 


Abbreviations as in Figure 4. 
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life cycle, trichostrongylid nematodes. In whitetails, blacktails 
and mule deer respectively, 64, 69 and 64% of the species found were 
direct life cycle nematodes. Of these, 57, 73 and 46% belonged to 


the family Trichostrongylidae. 
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IV. DISCUSSION 


The few significant correlations between parasite loads and 
host sex, host age and season of capture are not surprising. To 
thoroughly investigate the importance of any one of these factors a 
survey must be designed which restricts possible influences by the 
other factors. This natural experiment should then be supported by 
evidence from controlled experimental infections. Such was not the 
purpose of this study. Nevertheless, despite examination of adult 
nematodes only, small sample sizes ne recovery of some parasites 
which, as a characteristic of their life style exhibit low intensity 
infection, several trends were indicated. 

Samuel (1969) found that the average number of Ostertagta 
odocotlet and 0. mosst increased in the fall and winter in white- 
tailed deer from southern Texas. The situation was reversed for 
mule deer of Alberta; that is, Ostertagta infections increased in the 
late summer. There are three possible explanations for this 
difference. Perhaps the seasonal dynamics of Ostertagta infections 
are correlated with an intrinsic property of the host species. This 
explanation seems unlikely since 0. ostertagt infections in mule 
ee display the same seasonal pattern as infections in domestic cattle 
and sheep (Smith, 1974). 

Conversely, the rice of adult parasites may correspond 
closely to climatic conditions. Temperatures in Texas in winter during 
Samuel's study were approximately 18° C. In Alberta, during summer 


months, the mean: temperature was 15° C (figure based on data from 


Edmonton International Airport - standard monthly temperatures 1941-1974). 
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The optimum temperature for transmission of members of the genus 
Ostertagta varies from 5 to 22° C (Levine, 1963). In addition, when 
moisture requirements are considered, only December, January and 
February satisfy the conditions of maximum transmission for Ostertagta 
species in Texas (Fig. 10) while Hees. July and August are optimal 
months in Alberta (Fig. 11). | 

The third and most likely explanation for the seasonal trend 
in Ostertagia infections is one which combines both biotic and abiotic 


factors. Arrested development of L,'s has been noted in 0. ostertagt 


fh 
in cattle from eastern Canada (Smith, 1974) and 0. odocotlet, O. mosst 
and 0. dtkmanst in deer from Ontario (Baker and Anderson, 1975). 

The "normal" seasonal variation of Ostertagia populations in northern 

regions, therefore, includes a marked decrease in the number of adult 

worms during the winter as was found in Alberta (or during excessively 
dry periods in hot, temperate areas). 

The factors which induce arrested development are many and 
complex and may depend rae such factors as host immunological state, 
shifting food preferences, strain of parasite species, etc. (Schad, 
1977). Thus, although simple bioclimatographic analysis is suggestive 
in this case, a complex of potentially interacting factors is possible. 

Nematodtrus odocotlet and N. helvettanus demonstrated an 
increase in the mean number of adults from winter to spring. This 
trend was not statistically significant when habitat zone of capture 
was considered. However, there is arrested development of Nematodirus 
spp. in sheep from Canada with the number of adult worms decreasing 


in winter (Ayalew and Gibbs, 1973). Thus the seasonal trend shown by 


Nematodtrus spp. in deer, may be real. 
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Figure 10. 


Bioclimatograph of Welder Wildlife Refuge, Texas 
(Meterological data from Samuel (1969)). Dotted line 
delimits the region of maximum transmission of 
Ostertagta species (Levine, 1963). Ordinate is mean 
monthly temperature, abscissa is mean monthly 


precipitation. 
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Figure ll. 


Bioclimatograph of Edmonton International Airport. 
Dotted line delimits the region of maximum 
transmission of Ostertagita species (Levine, 1963). 
Ordinate is the mean monthly temperature, abscissa 


is mean monthly precipitation. 
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Host sex was correlated with the mean number of Wematodtrella 
longisstmesptculata; females being more heavily infected than males. 
Prestwood et al. (1971) found differential infections of Dtetyocaulus 
vivtparus which they attributed to hormonal differences in white- 
tailed deer. During the breeding season, female rabbits (Oryctolagus 
cuntculus) have higher numbers of Trichostrongylus retortaeformis and 
Graphidium strigosum (Dunsmore, 1966a, 1966b). Thus, trichostrongylid 
nematodes may be particularly sensitive to hormonal changes. This 
may explain the observed correlation of NW. longtsstmesptculata 


infections with host sex. 


DISTRIBUTION OF THE PARASITE SPECIES IN ALBERTA 

Among previous deer parasite studies, Beaudoin et al. (1969), 
Samuel (1969), Owen (1969), Prestwood et al. (1973) and Pursglove et al. 
(1976) considered geographic distribution of the parasites that they 
encountered. Often however, features of the external environment 
were considered to be less important than the association of host 
density, both intermediate and definitive, with the habitat type. 

Over small, "climatologically homogeneous" sites, occurrence of 
certain parasite species may be correlated with a fine-grained view 
of the environment. For instance, Samuel (1969) attempted correlations 
of parasite prevalences and intensities with soil types and vegetation 
within the Welder Wildlife Refuge in Texas. Over larger geographic 
areas, such detailed analysis would prove physically impossible and 
even if accomplished, the resultant data set might prove too detailed 
to make any reasonable generalizations. Therefore, in order to 


derive any meaningful information, the scale of the surveyed area 
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must be matched with the coarseness of accompanying correlates. 
Factors that might explain the variation in the parasite prevalences 
and intensities within Alberta include: deer densities, relative 
numbers of each species,density of other potential hosts, bioclimatic 
parameters and intermediate host distribution. 

Dietyocaulus vivtparus and Trichurts sp. were found mainly in 
mule deer from the prairies. Neither of eee worms can be considered 
as being primarily mule deer parasites (although Trichurts could not 
be identified to species) but rather as parasites of domestic 
ruminants. Therefore, this distribution may be the result of a 
spillover of parasites from domestic to wild ruminants on the prairies 
where cattle and sheep husbandry is significant. Both of these worms 
have direct life-cycles so that the more moderate climatic conditions 
of southern Alberta may be favourable for survival of free-living 
infective stages. However, since D. vivtparus is highly susceptible 
to desiccation (Rose, 1956), this explanation seems unlikely. 

Members of the genus Nematodirus are highly resistant to 
desiccation and wide fluctuations in temperature (Poole, 1956; 
Marquardt et al., 1959). The success of W. helvettanus and WN. 
odocotlet in mule deer from Alberta is therefore not surprising. 

The large numbers of worms from the montane biome (Fig. 11) may be 
due to the greater mule deer densities and/or higher numbers of potential 
host wildlife species available cee 1964). 

In conjunction with the habitat zone correlations of parasites found 

in white-tailed and mule deer, there were conspicuous absences of 


several species of helminths. Echtnococcus granulosus cysts have 
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been reported from both white-tailed and mule deer (Walker and Becklund, 
1970). Cowan (1948, 1951) reported a single infected mule deer from 
Jasper, Alberta. Although deer make a significant contribution to 
the diet of wolves in Alberta (Mech, 1970 modified from Cowan, 1947), 
no cysts were found in the 60 deer examined in this study. Samuel 
et al. (1976) found 44% of moose over 16 months of age infected. 
Therefore, moose appear to be the major ungulate host involved in the 
sylvatic cycle in Alberta. Chances of encountering an infected deer 
were reduced since few samples originated from areas where wolf-deer 
interactions are common. 

Fasctolotdes magna is regarded as a common parasite of wild 
ungulates including deer from many areas of North Perera Swales 
(1935) investigated and elucidated aspects of the life-cycle of 
F. magna from Wainwright, Alberta where the parasite was considered 
enzootic. Results of the present study indicate the parasite is no 
longer present in deer of this region although suitable intermediate 
hosts are still present in the Wainwright area. 

Histopathological and life-cycle considerations led Swales to 
conclude that cervids as opposed to bovids, were the primary definitive 
hosts. Lankester (1974) concluded that among cervids, moose were not the 
primary definitive host of liver flukes. Possibly wapiti (Cervus elaphus) 
or caribou (Rangifer tarandus) are the dominant hosts. Caribou seem 
unlikely candidates since historically,.distributional overlaps with 
other hosts have been slight. An outbreak of fascioloidiasis in deer 
(species unspecified) in Italy was traced to an introduction of 


wapiti (Swales, 1935). Failure to find liver flukes in deer from 
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Alberta may be the result of a decreased number of interactions with 
wapiti where suitable intermediate hosts are present. One possible 
suitable site is southwestern Alberta, in the Bow River valley where 
heavily infected immigrating wapiti were examined by Flook and Stenton 
(1969). Unfortunately, few samples of deer were acquired from this area 
in the present study. 

Differences in the distribution of gastro-intestinal parasites 
from mule deer and white-tailed deer from throughout the biomes of 
Alberta (Fig. 9) can be expressed by calculating similarity indices 
and plotting the results in a trellis diagram (Fig. 12). The 
similarity index used was the sum of percentages of the species common 
to a pair of samples (Holmes and Podesta, 1968). 

Although this analysis can in some cases be misleading, it is 
instructive in the general case. The fauna from mule deer from the 
aspen parklands is most similar to the fauna from mule deer from the 
other zones. Since parkland is a transition habitat which borders 
all otker habitat types except montane, this is an expected result. 
Using similar logic, mule deer from the montane zone should be the 
most dissimilar among mule deer; this was born out in the analysis. 
The situation is less clear for white-tailed deer since fewer were 
infected but, again, the average index value was higher for whitetails 
from the parklands than for the other zones. The zero value for 
montane vs. boreal white-tailed deer is artificially low but all montane 
white-tailed samples were from the southern part of the province, 
far from the boreal zone. In addition, the average similarity index 
value is lower when white-tailed deer are compared with mule deer 


than when either species is compared with itself. 
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Figure 12. Trellis diagram of similarity indices for helminths 
in white-tailed deer (Odocotleus vtrgintanus), and 
mule deer (Odocotleus hemtonus) from the biomes of 


Alberta. 
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On a North American scale, the helminth faunas from deer of 
Alberta are in some respects unique. Ostertagta odocotlet is a 
commonly encountered white-tailed deer parasite in eastern North 
America whereas the presence of 0. ostertagt in deer was considered 
"unusual" by Prestwood et al. (1973). 0. odocotlet was absent in 
deer in Alberta and 0. ostertagt seems to have replaced it: similar 
findings were recorded by Russell (967) in white-tailed deer from 
southeastern British Columbia. 

The other Ostertagia recovered from deer in Alberta was 0. 
bisonis. 0. btsonts has been found in mule deer from throughout 
western North America, mainly from the plains and prairies regions 
(Walker and Backlund, 1970). This species was originally described 
from specimens collected from bison of Wainwright, Alberta (Chapin, 
1925). This is the first report of 0. btsonts from white-tailed 
deer. Two deer were lightly infected, both from southern Alberta. 

Setarta yeht, the only member of the genus found, occurred in 
7% of the mule deer and 8% of the white-tailed deer examined. 

Becklund and Walker (1969) considered host specificity of Setarta spp. 
weak in ungulates and Samuel et al. (1976) found S. labtatopaptllosa 

and S. yeht in moose that they examined from various regions of Alberta. 
However, S. labtatopaptllosa was only found in moose of Elk Island 
National Park, an area where many bison are infected (Samuel, pers. comm.). 
The vectors of S.yeht and S. labtatopapillosa are not known in Alberta, 
but these data suggest that the differential feeding preferences of 


biting flies may be responsible for the separation. 
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Orthostrongylus macrotis (= Protostrongylus macrotis), is another 
worm found in both species of deer in Alberta which previously had 
only been reported from 0. hemionus (Walker and Becklund, 1970) and 
Anttlocapra americana (Greiner et al., 1974) and Alces alces (Samuel et al., 
1976). The cattle lungworm, Dictyocaulus vivitparus was more abundant in 
both species (Fig. 5). A mixed Orthostrongylus, Dietyocaulus infection was 
detected in one white-tailed deer. Dictyocaulus infections are commonly 
encountered in deer wherever cattle husbandry is important. Orthostrongy lus 
infections are restricted to western North America, closely associated 
with the range of mule deer. 
Nematodtrus odocotlet and WN. helvettanus were abundant parasites 
of mule deer but were absent in white-tailed deer. WN. odocotle? is 
a common parasite of both deer species throughout the rest of North 
America (Walker and Becklund, 1970). W. spathtger and NW. abnormalts 
have also been reported from mule deer. JW. helvettanus is normally 
associated with domestic sheep but Russell (1967) found both whitetails 
(1 out of 52) and mule deer (6 out of 6) infected. 
Nematodirella longtsstmesptculata, like Nematodtrus spp. was 
found only in mule deer. Cowan (1946, 1951) provided the only other 
North American reports of N. longtsstmesptculata infections in deer. 
O. hemtonus collected from coastal British Columbia were infected. 
Skrjabinema parva, the pinworm, has been previously found in 
mule deer from California (Schad, 1959), Colorado (Olsen and Tolman, 
1950), Idaho (Dikmans, 1942) and Montana (Worley and Eustace, 1972). 
Samuel and Trainer (1969) and Russell (1967) found S. parva in 


white-tailed deer in Wisconsin and British Columbia, respectively. 
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Both whitetails and mule deer were infected in Alberta with higher 


prevalence and intensity infections in mule deer (Table I). 


COMMUNITY ANALYSIS 

Robert MacArthur characterized science as a "... search for 
repeated patterns'' (MacArthur, 1972). In order to evaluate patterns 
at a community level, one cannot simply investigate the population 
dynamics of each contributing species in the community. Community 
ecologists have, therefore, derived measurable attributes so that 
communities could be compared. If we consider the gastro-intestinal 
helminths of mule deer and white-tailed deer as communities, we can 
attempt to evaluate their characteristics, compare the communities 
and thus, search for patterns. 

Examination of the parasite profiles of white-tailed, black-tailed 
and mule deer (Fig. 5) shows that although several helminths are 
found in all three species of deer, the relative abundance of each 
species differs considerably. Dtctyocauius vivtparus, which is the 
most abundant species in the white-tailed deer, makes only a minor 
contribution in the:mule deer community. The situation is reversed 
for Skrjabinema parva, which is replaced in black-tailed deer by 
Oesophagostomum verulosum. Nematodirus spp. and Nematodirella 
Longissimesptculata are abundant in mule deer only. 

Overall patterns can be characterized to a certain extent by 
a single value, the diversity index. One "index" often used to describe 
communities is simple species richness. Mule deer harbored a richer 


community than either white-tailed deer (16 vs 11) or black-tailed 
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deer (16 vs 11), however, the small sample size of black-tailed deer 
examined (13) probably resulted in an under-estimate of the total 
fauna of that host. Cowan (1946, 1951) examined over 100 

Columbian black-tailed deer and found 13 species of gastro-intestinal 
parasites. 

Species richness values fail to consider the equitability or 
evenness of distribution of the organisms in a community. Therefore, 
indices have been developed which increase both as species richness 
increases and as species are found more evenly distributed. None of 
the indices are suitable for all purposes. In certain cases they 
may yield results that are not mutually consistent (Hurlbert, 1971). 
Simpson's index of diversity gives relatively little weight to rare 
species whereas the Shannon-Weaver function allots them more 
importance (Pielou, 1975). Squires and Wistendahl (1977) showed that 
Bean species richness, when compared to either the Shannon-Weaver 
and Simpson's indices, was more uniformly affected by both species 
richness and the equitability components. Therefore, in order to 
estimate the diversity in white-tailed and mule deer gastro-intestinal 
helminth communities, all three indices were calculated (Table VIII). 
In addition, the Shannon-Weaver function was calculated using only 
prevalence rather than abundance. 

These indices tend to show that in Alberta, mule deer are host 
to richer, more diverse helminth faunas although the Shannon-Weaver 
function, based on abundance, was slightly higher for white-tailed 
deer. This resulted from the contribution to the index made by the 


equitability factor which more than compensated for the lower species 


. mh * 
| an Bs a 


= 
’ 


0 vad Keene tel © aa ssighiss ee Weak 
\oin Sad. Fun sec ‘ ae Peston wits": "wah 
teria Seqa én .dond aes tn (Bilin: Conan 

be Smusdis oer (Seine _ wre Le) wih sedan ge oe 


F | | ; | 
oe (seer bce ers ; anh qeyez ahd SSE “sedan at 
Wilat sr oy ) ea i DE Rae te = [ae nodes sipioe 

st 4 ‘ . we) yy wT 1% i” a “ Pa : ign i eet webel ata 
“JS LOG op Noah’ | Sweeny a ws ‘aa sie ais 


ie f 
4 VoG w. + & ; ¢ pera raw * a rT fugit S 5 


a as , ant py lete «8 Awreest fal’) sane ee Siheegiy aaa 

; =: Le 0 » igs a2 ed mi. Ui ota 2 2‘ conguz®) vit 
J - : , 

ch oneal ars, Gas ee alt sired 


. 


embeds tmap equ md hae taltnl-eebienes at sss ant pti 


r 
| Pasion’ 1098 uetitn eek CED Ca tathe 
e ~ ge me repel wae nities so i 
a ee » es sea vera at ii tneratem ra: 
heats 26. abt uf eid = ete natant: runes 
be det he ge? <edaile etunsitahae SMUG se 
5 (4 shah wales edeots oetrssaaaey Age. wane these 


65 
richness found in white-tailed deer. Areal species richness confirmed 
that the community in mule deer was more diverse (ts 526750 (Pi <9 0.001) 
than that in white-tailed deer. Surprisingly, although areal species 
richness was higher in black-tailed deer than in mule deer (t. = 3.12, 
ra 0.01), this was,not reflected in any of the other indices. This 
probably resulted from the dominance in the black-tailed helminth 
community demonstrated by Nematodtrus odocotlet which is indicated 
by the low equitability value. 

' Patterns in species richness and diversity of free-living 
organisms ona continental basis have been noted for many years. Dogiel 
et al. (1964) proposed some general rules to explain the composition 
of a host's parasite fauna over large geographic regions. One 
correlation that Dogiel considered was the abundance and mode of 
life of a host with the abundance and composition of its parasites. 
Dogiel conjectured that when two similar host species who have the 
ability to harbour the same parasites and overlap in distribution, 
the rarer host will have a smaller parasite fauna. Furthermore, if 
host density decreases towards the edge of its range, then host animals 
at the edge of the range should have lower intensity infections than 
those animals which are centrally located. 

White-tailed and mule deer would seem to fulfill the host 
criteria established by Dogiel. Today, white-tailed deer and mule 
deer are sympatric over much of western North America including 
Alberta (Fig. 1). Whitetails were first reported in the North 
Saskatchewan River valley as early at 1787 (Webb, unpublished). 


In the 1870's, deer of both species were frequently noted along river 
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66 
valleys in the south central part of the province although it is 
believed that numbers had not increased substantially during this 
time. At the turn of the century, major die-offs of all Alberta 
ungulates occurred which have been attributed to increased human 
utilization and severe winter weather. Since that time, both deer 
species increased in numbers substantially and expanded their ranges 
north and westward; first mule deer and later whitetails. Today, 
the white-tailed deer is the dominant species in the prairies and 
eastern aspen parklands while mule deer still predominate in the 
mountains (Soper, 1964; Kramer, 1972). 

Based on Dogiel's hypothesis therefore, white-tailed deer in 
Alberta, at the northern edge of their range, should have fewer 
species of parasites and lower intensity infections than deer from 
the center of their range, the south-central United States. In 
addition, white-tailed deer in Alberta, in the aspen parklands and 
prairies (where they are most abundant) should have greater infections 
than elsewhere in the province. Similarly, mule deer in Alberta 
should have lighter intensity, less species rich infections than 
mule deer in the west-central United States. 

Diversity of faunas can be compared by computing diversity indices 
from data presented in surveys from throughout North America. The 
Shannon-Weaver index was used because of its ease of calculation and 
because it is widely used in the literature when comparisons are made 
on a continental scale (e.g. Humphrey, 1975). Unfortunately, most 
parasite studies fail to provide the absolute and total number of 
worms found, therefore, prevalence data had to be incorporated as 


a poor substitute for abundance in the calculations. Pielou's 
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67 
equitability measure, J. was also calculated for each survey. In 
addition, Simpson's index was calculated using percent prevalence as the 
"importance value" (Holmes and Podesta, 1968). To maintain continuity 
with the other indices, the difference of one minus Holmes and Podesta's 
"C: was plotted (Fig.s 13 and 14). Simple species richness was appraised, 
but included only those parasites that could be detected using the necropsy 
techniques employed in this survey. When helminths were not identified 
to species, only one species was assumed to be present. Because simple 
species richness is sensitive to sample size, Margalef's (1964), Odum 
€rat.'s (1960) and Henhinick's (1964) species richness indices, which 
incorporate sample size, were calculated (Table XII). Since they confirmed 
the results obtained from analysing simple species richness, however, 
they will largely be excluded from the remainder of the discussion. 

When the white-tailed deer parasite fauna was examined in this way, 
Dogiel's hypothesis was confirmed. The deer near the center of their 
range, Arkansas and the southeastern United States had much higher 
intensity infections (Owen, 1969; Prestwood et al., 1973) and almost 
double the number of species (23 and 20 vs. 14 and 11) than deer near 
the edge of their range in British Columbia and Alberta. Often, however, 
diversity index values were very similar between sites and should be 
interpreted with caution, particularly since, by necessity, calculations 
were based on prevalence. The impoverished fauna from white-tailed deer 
in Massachusetts (St. Armand, 1977), may demonstrate a peninsular effect 
(MacArthur and Wilson, 1967), since species richness is low even when 
sample size (N = 33) was considered (Table XII). 


Calculations of similarity indices (Fig. 15) showed that white-tailed 
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Figure 13. Simpson's index of diversity for paeteo inven anced 
helminths of white-tailed deer (Odocotleus virginianus), 
and mule deer (Odocotleus hemtonus) in NGEtn Aner 
Data for white-tailed deer derived from Russel (1968),. 
Boddicker and Hugghins (1969), Cook (1972), St. Armand 
(1976), Prestwood (1971), Prestwood et.al. (1971), 
Samuel (1969) and Owen (1969). Data for mule deer 
derived from Boddicker and Hugghins (1969) and Worley 


and Eustace (1969). 
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Figure 14. The Shannon-Weaver (H'prev.) index of diversity (top 
number), species richness (S) (middle number) and 
equitability (J) (bottom number) values for gastro- 
intestinal helminths of white-tailed deer (Odocotleus 
virgintanus), and mule deer (Odocotleus hemtonus) in 


North America. Data sources as in preceeding figure. 
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3 
deer from Alberta were most similar to whitetails from southeastern 
British Columbia. This is expected since the British Columbia study 
was conducted near the Alberta border in southeastern B.C. (Fig. 15). 
This may reflect a mixing or migration of deer through the mountain 
passes in southern Alberta. Another center of similarity was the 
southeastern United States. Deer in Arkansas shared 10 species of 
parasites with deer from Texas and 9 with those from the southeastern 
United States (Fig. 15). Although similarity was inversely 
correlated with distance between survey sites, this merely indicates 
differences in biomes. For instance, most deer sampled from the 
southeastern United States were from the coastal plains. Deviating 
from this pattern however, is Samuel's (1969) Texas study. Perhaps 
the extreme climatic conditions experienced in this area are partially 
responsible for the unexpectedly low species richness values. 

The situation for mule deer parasites was less clear, partially 
because of the lack of data for deer from all of its southern range. 
Mule deer from Montana (near the center of the mule deer range) had 
twice as many species of gastro-intestinal parasites, more diverse 
and more intense infections than deer from near the edge of their 
range in South Dakota (Fig. 16), as one would expect from Dogiel's 
hypothesis. The black-tailed deer from Vancouver Island had a less 
diverse fauna than mule deer from Montana but intensities of 
infection were greater in British Columbia. This may result from the 
reciaced island position of the blacktails. 

The mule deer of Alberta, nearer the edge of the range than 


those in Montana, appeared to have a richer, more diverse parasite 
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Figure 15. 


Trellis diagram of similarity indices of white-tailed 
deer (Odocotleus virgtntanus) gastro-intestinal 
helminths, and number of common species among survey 


sites. (Data from sources cited in Figure 13). 
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Figure 16. 


Trellis diagram of similarity indices of mule deer 
(Odoecoitleus hemtonus) gastro-intestinal helminths, 
and number of species in common among survey sites. 


(Data from sources cited in Figure 13). 
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fauna. Moreover, intensities of infection as well as prevalences 
were almost identical between the two regions as is reflected in 
the high similarity index value (Fig. 16). 

Although absolute host density data for either Alberta or 
Montana are lacking, mule deer in Alberta appear to be less abundant 
than mule deer in Montana (W.M. Samuel, J.C. Holmes, pers. comm.) 
and their helminth fauna should, therefore, follow Dogiel's rule. 

The Montana samples were collected from "semiarid rangeland", 
thus a comparison with mule deer from all of the biomes of Alberta 
is, perhaps, unjustified. When compared only with deer from the 
prairies of Aibeeed (N = 16), Dogiel's hypothesis was confirmed. 
Mule deer from the prairies were infected with 10 species of parasites 
and had an H' (prevalence) value of 2.13 as opposed to 2.23 and 10 
species in Montana. Simpson's index values were virtually identical 
between the two sites. Equitability was, nevertheless, higher in 
Alberta (0.93 vs 0.87). 

Equitability of parasites in both deer species is particularly 
high in Alberta (Fig. 14). Similar high equitability results were 
obtained in South Dakota, the only other study which looked at both 
species. In all cases, the magnitude el values is artificially 
high due to the use of prevalence as an estimate of abundance, hence, 
direct comparisons with J values from free-living animal or plant 
community studies would be misleading. 

Within Alberta itself, wer eouta expect mule deer in areas 
where they are most abundant, the mountains, foothills and 
deeper-snow areas of the prairies (Webb, unpublished), to have 


richer, more diverse helminth infections than those from other 
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biomes. Conversely, white-tailed deer should have richer 
and heavier infections in the parklands, grasslands, boreal- 
parkland transition and lower latitude regions of Alberta, where the 
populations are densest (Webb, unpublished); if Dogiel's hypothesis 
holds true. 

White-tailed deer poate Dogiel's hypothesis. The diversity 
indices consistently identified the prairies and aspen parkland 
as being associated with the most diverse white-tailed helminth 
communities (Figs. 17 and 18) (Table XIII). Simple species richness 
(as well as species richness measures which control for sample size 
(Table Ene chowed the same trend. Areal species richness, however, 
did not vary significantly in any of the biomes. 

In mule deer, the indices indicated incongruities. Simpson's 
index values are all very close but the aspen parklands ranked as 
the biome with the highest value (Table XV). Because of small sample 
sizes, the mountains and foothills were analysed as a group as well 
as individually. The Shannon-Weaver function tended to agree more 
closely than 1-C with Dogiel's hypothesis. The prairies and foothills 
provided the highest values (Fig. 19) (Table XV). The disparity 
between the two indices can be partially explained by examination 
of equitability. The J value of the aspen parklands was low, thus, 
the high diversity value indicated by Simpson's index probably 
resulted from a large contribution to the index by species richness. 

Species richness values (Tables XIV, XV) (Fig. 18) tended to 
confirm Dogiel's hypothesis. Mule deer in the montane biome had 


significantly more species of parasites per deer than mule deer from 
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Figure 17. 


Shannon-Weaver index (H'), equitability (J) and 
species richness (S) of gastro-intestinal helminths 
of white-tailed deer (Odocotleus virgtntams) 

from the habitat zones of Alberta with relative 


density of deer. 
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Figure 18. 


Areal species richness (+ 1 S.E.) of gastro- 
intestinal helminths of white-tailed deer 
(Odocoitleus virgintanus), and mule deer 
(Odoecoitleus hemionus) from the habitat zones 


of Alberta. (N = sample size). 
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TABLE XIII. Simpson's index (1-C), Shannon-Weaver index (H'), 
equitability (J), species richness (S) and 
sample size (N) of white-tailed deer (Odocotleus 
virgintanus) gastro-intestinal helminths from 


the habitat zones of Alberta. 


1-C He A S N 
Prairies . 86 1.63 19 7 8 
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Species richness measures of deer helminth communities 


from five biomes in Alberta. 


S N Ri Ry R 

WHITE-TAILED DEER 

Aspen Parklands 6 26 Ses 5) 4,24 118 
Boreal Forest 5 7 a 20 4.06 Nee 

Prairies 7 8 6.64 Lohs 2.47 

Foothills 0 4 - es = 

Montane 3 5 2.86 4.29 roa 
MULE DEER 

Aspen Parklands 3 23 8.81 SES Jap Tf 

Boreal Forest 10 a5 8.08 8.98 PTE 

Prairies 14 16 10.80 J besl os) 3.00 

Foothills 5 5 Sere Fides) 2.24 

Montane 7 S) 122598 14.67 4.04 
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TABLE XV. Simpson's index (1-C), Shannon-Weaver index (H'), 


equitability (J), species richness (S) and host 


sample size (N) of mule deer (Odocotleus hemtonus) 


gastro-intestinal helminths from the habitat zones 


of Alberta. 


1-C 
Prairies . 86 
Aspen Parklands . 89 
Boreal Forest 88 
Foothills <ike 
Montane . 83 
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Figure 19. 


Shannon-Weaver (H') index, equitability (J) and 
species richness (S) of gastro-intestinal helminths 
of mule deer (Odocotleus hemtonus) from the 

habitat zones of Alberta with relative density of 


deer. 
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the prairies (t. =e Ovios bt = UsUl)) \eigemlo). 

According to Dogiel's hypothesis, white-tailed deer should have 
richer, more diverse infections in the parklands and prairies than 
mule deer whereas mule deer infections should be predominant in 
the foothills and montane biome. In the prairies, white-tailed 
and mule deer had virtually identical H' values (Figs. 17, 19) 
(Tables XIII, XV). Areal species richness showed ve deer to have 
a slightly richer fauna in the prairies but the difference was not 
significant (t. Seis eh 2 Os0) jar Chto. teLO) eerie eneapatk rand, 
mule deer had a significantly nae areal species richness 
than whitetails (t. = 3.65, P < 0.01)) (Fig-"18) and were infected 
with 81% of the total possible number of gastro-intestinal parasite 
species found in mule deer in Alberta as opposed to 55% for white- 
tailed deer (Figs. 17, 19). It appears, therefore, that mule deer 
had a richer fauna in the prairies and parkland than is predicted by 
Dogiel's rule. 

Several explanations for this incongruity in the areal species 
richness and diversity findings are possible. Perhaps mule deer are 
indeed more abundant in the aspen parklands and prairies of Alberta 
than Soper (1964), Webb (unpublished), Kramer (1972) and others have 
suspected. Perhaps bioclimatic or other intrinsic properties of the 
parklands promoted a richer parasite pool to draw upon which eclipsed 
host density considerations. Menge and Sutherland (1976) listed time, 
spatial heterogeneity, competition, predation, climatic stability, 
productivity and combinations of these factors as affecting species 


diversity in free-living systems. None of these factors seems 
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suitably different between whitetails and mule deer to account for 
the difference. 

One intriguing possibility is based on an hypothesis proposed 
by Barbehenn (1969). He suggested that the outcome of competition 
between two host species may be mediated by parasitism. If two 
competing host species can share the same parasites, then one of those 
species may be differentially sensitive to the effects of parasitism 
such that the competitive interaction between them will be influenced. 
Therefore, Barbehenn suggested that certain parasites may be 
maintained in one host species as a weapon of competition. Corollaries 
of Barbehenn's hypothesis are that: 1) hosts which are utilizing 
parasites will be restricted to refuges against invaders and 2) 
that host-parasite co-adaptation is maximal where host species 
diversity (i.e. competition) is minimal. One would expect therefore, 
that such a host would attempt to strike a balance between pathogenic 
effects and parasite species diversity. 

Evidence from Bush's (1973) analysis of dominance does not support 
Barbehenn's hypothesis. Parasites can be assigned to certain dominance 
classes which describe, to some extent, host-parasite specificity in 
the system. In white-tailed deer, 10 out of the 11 (91%) of the species 
were classified as dominants, and 10 out of 11 (9%) was co-dominant 
(Table IX). In mule deer, 9 out of 16 (56%) of the parasites were 
dominants and 7 (44%) were co-dominants. Therefore, mule deer have a 
higher proportion of species which, although characteristic of the 
community, do quite well in other hosts. If a host is controlling 


the diversity of its helminth fauna, then it must be well adapted to 
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control its parasites. Therefore, one might expect a higher proportion 
of dominants in such a host. This refutes one of the corollaries put 
forward by Barbehenn; where host competition is extreme, host-parasite 
co-adaptation must be greatest. Unfortunately, dominance analysis 

breaks down in certain instances. Although D. vtvtparus is classified 

as a dominant, geographic distribution and other considerations suggest 
that cattle are the true dominant host. Probably, parasite data for 

all potential host species in a system are necessary to make conclusive 
use of dominance analysis. The corrlates of the dominance classes 
proposed by Bush (1973), are probably not directly a apitcabie to ungulate 
parasites. becerrnine the dominance classes used might make the analysis 
more suitable. In addition, Bush's analysis was applied to a 

trematode dominated system in which definitive host specificity via 
maturation control was important. Ungulate nematode host specificity 
seems to be rather loose and not mediated through definitive host 
Maturation processes. The low intensity infections found also created 
some misleading results. For instance, Ostertagta btsonts infections 

in Prtteetailed deer were scattered and infrequent yet this parasite 

is classified as dominant. Redefinition of dominance classes would 
eliminate these problems. 

Support for Dogiel's hypothesis has come from studies of the 
parasite fauna of Ruttlus ruttlus in Europe by Rumyantsev (1975). 
Halvorsen (1971) however, found that Dogiel's hypothesis did not 
hold true when he examined the parasite fauna of coarse fish (roach, 
burbot, bream, etc.) from southeastern Norway. Perhaps the discrepancy 
results from competitive interactions between or among two or more 


of these fish species. 
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Although difficult to prove or disprove directly, parasitologists 
studying helminth faunas of ecologically closely related species should 
be aware of ecological interactions between hosts and the possible 


effects on parasite faunas. 
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APPENDIX I. Age, sex, season and habitat zone of capture of 
white-tailed deer examined for gastro-intestinal 


helminths. 
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APPENDIX II. Age, sex, season and habitat zone of capture of 


mule deer examined for gastro-intestinal helminths. 
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APPENDIX III. Age class, sex, season of capture and collection site 
of Columbian black-tailed deer examined for gastro- 


intestinal helminths. 
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